degree warranting compensation developed carcinomata. Recently, the fact that cigarette smoking and asbestosis have a multiplicative carcinogenic effect has been recognized. The accepted evidence is that the carcinomata occur in cases of definite asbestosis and that excessive exposure to all major types of asbestos used commercially are implicated, the incidence of carcinoma being higher in those exposed in industry compared with the mining areas.
In contrast to the carcinomata, the mesotheliomata have been associated with exposure to asbestos dust and can occur without evidence of scarring in the lungs. The first series was reported from South Africa in 1960. International investigations have confirmed that these tumours are more clearly associated with exposure to crocidolite (blue asbestos) dust from the Cape Province in South Africa and to a lesser extent to the fibre in Western Australia, than the other types of asbestos. The physical parameters of these fibres may permit more penetration into the lung parenchyma and pleura than other types of commercially used asbestos. The tumours occur after a considerable lapse period from the initial time of exposure, and can develop in people who have had a relatively brief exposure, as little as 6 weeks in some cases. Recent studies have shown a definite dust dosage relationship. There is no evidence that there is an association between the mesotheliomata and cigarette smoking. Several epidemiological surveys have shown a slight but significant increased incidence of gastrointestinal tumours in asbestos workers. A study of women asbestos workers has not shown an increased incidence of ovarian tumours.
In animal experiments it has been possible to produce mesotheliomata by the intrapleural inoculation of all types of asbestos fibre, the highest percentage of tumours being produced by very fine chrysotile which, when implanted into the pleural cavity, is more carcinogenic than the crocidolite. Further experimental studies with other types of mineral fibres, both natural and synthetic, can produce tumours. The finer the ultimate fibre, the greater the incidence of tumour. In inhalation studies squamous and adenocarcinomata have been produced in rats, the majority of the tumours occurring in animals with a moderate degree of asbestosis. A few mesotheliomata were seen. The overwhelming effect of cigarette smoking on the occurrence of lung cancer and the resulting " tidal-wave " that has swept through the mortality statistics during the past 50 years have made it very difficult to search for other factors by the traditional means of relating death rates to occupation or to area of residence, as recorded on death certificates. It is necessary to ensure not only that populations being compared are similar in respect of their current smoking habits but also that these smoking habits are in phase: the low lung cancer death rate among coal-miners may, for example, be partly a reflection of a more gradual swing from pipes to cigarettes than in the general population. Similarly, any " phase-lag " in the development of cigarette smoking habits in rural areas would tend to enhance the ratio of urban to rural death rates, making it difficult to isolate any urban factor that might be related to air pollution.
Although these problems could only be overcome by conducting prospective surveys on a very large scale, they can at least be seen most clearly if the relevant mortality data are presented on a cohort basis. This has been done for lung cancer deaths classified by area of residence, and the results indicate substantial phase differences between London, other urban areas and rural areas. The present situation is that the peak in male lung cancer mortality in London seems to have been passed already, with the more recent cohorts (those born since about 1911) having lower rates than their predecessors. The trends in rural areas are lagging behind those in conurbations and ultimately there may be only a small urban/rural gradient in lung cancer mortality.
It is still not clear whether remaining urban/rural differences should be attributed to air pollution, and in particular to the inhalation of smoke particles containing benzo(a)pyrene. The Clean Air Act has certainly led to a substantial reduction in smoke concentrations in the larger towns, particularly in London, and recent measurements indicate that benzo(a)pyrene concentrations in central London are now only about one-tenth of what they were 25 years ago.
In general, special surveys are required to identify specific occupational risks of lung cancer now, in the face of the very high rates in the general population. For many years there have been indications of a risk from exposure to asbestos dust and these have now been confirmed in prospective studies of occupational groups, with the additional finding of an apparent " interaction " between smoking and asbestos exposure. Occupations involving exposure to coal tar fumes have also been shown to carry some risk of excess lung cancer; in this case the suspect carcinogen is benzo(a)pyrene, as in urban air. In view of the modest increase in lung cancer incidence among men with massive exposure to this compound, it seems doubtful whether the current levels in urban areas of this country could have an appreciable effect.
VINYL CHLORIDE CARCINOGENE-SIS. B. W. DUCK, B.P. Ltd, Sunbury on Thames.
Vinyl chloride is gaseous at atmospheric pressure and can be polymerized to make polyvinyl chloride (PVC) . Current world production capacity of PVC is about 10 million tonnes per annum, which makes vinyl chloride second only to ethylene as a monomer for synthetic plastic manufacture. The main applications are in the building, electrical, packaging and motor vehicle manufacturing industries, many of which are dependent to a high degree on the use of this material.
Although manufacture of vinyl chloride on an industrial scale began before the Second World War, it was not until 1970 that the first suspicions arose about its possible carcinogenicity. Five years earlier, however, it was noticed that certain workers heavily exposed to vinyl chloride (autoclave cleaners) were liable to develop acro-osteolysis and when Viola et al. (Cancer Res., 1971, 31, 516) attempted unsuccessfully to reproduce this condition in experimental animals they found instead evidence of carcinogenic properties. This stimulated more ambitious studies by Maltoni and Lefemine (Environ. Res., 1974, 7, 387) and others, which confirmed that long-term inhalation of vinyl chloride by rats, mice and hamsters in concentrations ranging from 10,000 parts/106 to as little as 50 parts/106 could cause tumours of the liver, kidneys and other organs. The results also demonstrated an apparent relationship between the dose and duration of exposure and the eventual neoplastic response.
Doubts about the significance to man of these results were dramatically resolved in January 1974, when cases of angiosarcoma of the liver were first reported to have occurred in workers exposed to vinyl chloride in the United States (Creech and Johnson, J. occup. Med., 1974, 16, 150) . From the outset, a cause and effect relationship seemed obvious since exactly the same excessively rare form of liver cancer had now been found in both animals and men following exposure to vinyl chloride. This finding stimulated widespread research into clinical, epidemiological and toxicological aspects, much of which is still far from complete, and also led to a complete reappraisal of safety standards in the manufacture and use of vinyl chloride and PVC.
At the time of writing, over 30 cases of angiosarcoma of the liver have been reported in circumstances which point to vinyl chloride as a probable causative factor, but the situation is complicated by the fact that the same tumour is known to have occurred after exposure to arsenic and following administration of thorotrast. So far, the kidney tumours found in experimental animals exposed to vinyl chloride have not been miatched by similar findings in PVC production workers, but several studies have indicated that other types of cancer may occur to a greater extent than expected in such working groups-and there is strong evidence as well of the existence of various forms of non-malignant occupational disease among these workers, especially in certain factories.
Numerous investigations have been, and are still being, carried out to determine the true scale of the hazard and to enable effective preventive measures to be identified and implemented.
INDUSTRIAL PROBLEMS POSED BY CARCINOGENS. K. P. DUNCAN, Head of Health, Safety and Welfare, British Steel Corporation.
The setting of standards of permissible exposure to any hazard to workers or to the general population is a complex matter.
